Introduction
Chest pain associated with the development of left bundle branch block (LBBB) that is unrelated to coronary ischemia has been recognized as "painful LBBB syndrome." 1, 2 Specific LBBB patterns associated with this syndrome have been identified, 2 but its true prevalence in the general population is unknown owing to coexisting coronary artery disease (CAD) and lack of widespread awareness of such a clinical entity. This syndrome can cause disabling symptoms with significant activity limitation. The proposed mechanisms include dyssynchronous systolic motion of the septum and generalized interoceptive sensitivity. 2, 3 Treatment options, which include submaximal exercise regimens, b-blockers, and right ventricular (RV) and biventricular pacing, have yielded only modest success. 2 Permanent His bundle pacing (HBP) has recently gained popularity, as emerging data have shown decreased rates of heart failure compared to traditional RV pacing as well as reversal of dyssynchrony-induced cardiomyopathy. Reestablishing normal physiologic conduction and avoiding electrical dyssynchrony by way of direct His bundle activation is possible owing to the proximal and focal nature of lesions causing intraor infra-Hisian conduction abnormalities within longitudinally dissociated, predestined Purkinje fibers. [4] [5] [6] [7] [8] In this way, HBP represents an appealing strategy for the treatment of painful LBBB syndrome and has yet to be reported.
Case report
A 62-year-old man with a past medical history significant for hypertension, typical right atrial flutter status post radiofrequency ablation, and CAD status post percutaneous coronary intervention 5 years prior presented with 4 years of crushing chest pain and progressive shortness of breath upon minimal exertion. Repeat left heart catheterization showed no new obstructive lesions, and treatment for presumed coronary vasospasm with calcium channel blockers and vasodilators proved ineffective. Previous exercise stress testing and ambulatory monitoring showed rate-dependent LBBB with heart rates above 110 beats per minute (bpm) but more recently above only 90 bpm. LBBB corresponded immediately with symptom onset and resolution of aberrancy instantly provided relief, confirming the diagnosis of painful LBBB syndrome.
An electrophysiology (EP) study was performed with only local anesthetic given at the femoral access points, and the patient was blinded to the surface 12-lead electrocardiogram. Baseline AH and HV intervals were 110 ms and 54 ms, respectively. LBBB with a prolonged HV interval of 75 ms occurred intermittently with right atrial pacing rates above 85 bpm and correlated completely with symptoms ( Figure 1 ). LBBB persisted with pacing rates above 90 bpm and resolved upon cessation of pacing. RV pacing along the mid septum manifesting as LBBB-type aberrancy produced similar symptoms. Attempts at para-Hisian pacing resulted in rare and intermittent engagement of the HisPurkinje system, which was insufficient to allow the opportunity to assess for resolution of symptoms. With confirmation of painful LBBB syndrome, attention was then turned to implantation of a dual-chamber pacemaker utilizing permanent HBP.
A 7F hemostatic peel-away sheath (SafeSheath, Pressure Products, San Pedro, CA) was introduced into the left axillary vein; through it, a nondeflectable 7F sheath (C315, Medtronic, Minneapolis, MN) was placed. A 4.1F bipolar, steroid-eluting, nonretractable screw-in lead (Select Secure 3830, Medtronic, Minneapolis, MN) was placed within the C315 sheath and advanced to the location of the His bundle. After a His deflection was noted, the lead was screwed into the myocardium and a His bundle injury current was seen with ventricular sensing of 1. Postoperative lead testing remained unchanged with persistent and painless RBBB conduction and inability to induce LBBB at any atrial pacing rate. Because of this, the pacemaker was programmed to a long AV delay so as to encourage conduction with RBBB.
Within 1 week of discharge, the patient's symptoms returned and it was noted that the RBBB had resolved and LBBB was once again present at rates above 90 bpm. Interestingly, ventricular capture above 2.5 V @ 1 ms now resulted in painless selective HBP (S-HBP) with a narrow QRS, and capture below 2.5 V @ 1 ms resulted in painful S-HBP without correction of the LBBB (Figure 3) . Identical responses were demonstrated with both dual-chamber and ventricular-only pacing configurations. Utilizing a rateadaptive AV delay feature to preserve battery longevity, the pacemaker was programmed to a longer AV delay at rates below 70 bpm to encourage narrow ventricular conduction and a shorter AV delay at rates above 70 bpm in order to employ HBP. The patient remains pain-free during follow-up.
Discussion
LBBB is known to be associated with hypertension, CAD, and cardiomyopathy, 9 but "painful left bundle branch block syndrome" is a less recognized entity. Shvilkin and colleagues 2 reported the largest series of 50 patients, of which 46 were from the published literature, and describe a signature LBBB pattern characterized by a low S/T wave ratio (mean 1.47 6 0.16) at the onset of painful LBBB.
In our patient, diagnosis of this condition was delayed by 4 years, likely owing to an underlying history of CAD and lack of awareness of this clinical entity. He experienced a gradual decrease in the heart rate at which rate-related LBBB occurred over the 4-year period, in keeping with a previously published report. 10 The exact mechanism of chest pain and dyspnea has not been well elucidated, but altered ventricular activation pattern as observed by kinetography 3 and cardiac
KEY TEACHING POINTS
Painful left bundle branch block syndrome is an underappreciated disorder that results from mechanical dyssynchrony in the absence of myocardial ischemia.
There has been no universally accepted treatment for this condition.
Permanent His bundle pacing is an appealing and effective treatment strategy owing to the restoration of normal cardiac physiology. Figure 1 Right atrial pacing at a rate of 85 beats per minute with a narrow QRS and no pain with eventual transition to left bundle branch block and immediate symptom onset. Upon cessation of pacing and aberrancy resolution, the pain subsided.
magnetic resonance imaging 11 in combination with increased generalized interoceptive awareness have been postulated as possible mechanisms. 2 Thus far, no single therapy has been proven to be effective. Exercise training to achieve a higher threshold of LBBB onset/ offset, 12 b-blockers, and pacemaker implantation utilizing targeted and patient-specific pacing sites all have limitations.
Sharma and colleagues 13 recently published their findings concerning the role of permanent HBP in circumventing the intra-Hisian delay that leads to LBBB. Restoration of normal conduction physiology with HBP is an ideal solution to a syndrome caused by electrical dyssynchrony and completely resolved our patient's symptoms. Importantly, it was unnecessary to achieve selective His bundle capture for complete resolution of symptoms. By definition, nonselective His bundle pacing results in activation of the His bundle as well as the local RV myocardium to different degrees. The narrow QRS complex and output-dependent pacing morphology in this case suggests that the normal conduction system is being activated early on and is responsible for activation of the lateral left ventricular (LV) wall, consistent with prior work. 14 Interestingly, our patient developed RBBB during lead fixation in the context of His bundle current of injury. Vijayaraman and colleagues 15 have previously reported that chronic RBBB can occur in this context and only when a His bundle current of injury is seen. Maintenance of RBBB and failure to see complete heart block at higher pacing rates suggests that the patient's rate-related LBBB was not "block" but, in fact, delay within the left bundle branch. This is consistent with the increase in PR interval seen during transition from narrow QRS to RBBB ( Figure 2B ). Of note, the patient did not have any symptoms with RBBB morphology at any rate owing to a lack of LV dyssynchrony. Accepting RBBB with back-up ventricular pacing proved a successful treatment strategy until the RBBB resolved and rate-related LBBB once again ensued. Forced S-HBP at all rates above 70 bpm utilizing a rate-adaptive AV delay pacing feature in an effort to enhance battery longevity has resulted in complete suppression of the patient's symptoms. Vigilant follow-up remains crucial, as progression of LBBB to lower rates or development of complete heart block will require HBP at a fixed, shorter AV delay.
To our knowledge, this is the first time that permanent HBP has been utilized to treat painful LBBB syndrome. HBP remains an attractive and predictable option that should be considered when treating this syndrome. LV pacing by way of the coronary sinus system also appears to be a theoretical therapeutic option and requires further study. EP study with diagnostic confirmation as well as attempts at paraHisian pacing to confirm efficacy are reasonable first steps. Exercise training may have an adjunctive role in increasing the threshold at which rate-related LBBB develops, thereby providing protection over and above the maximum tracking rate set by the pacemaker.
Conclusion
"Painful LBBB syndrome" is a rare and often unrecognized condition. Abrupt onset and offset of symptoms with transient development of LBBB should lead to a high index of clinical suspicion. Confirmatory EP testing should be performed, followed by consideration of permanent HBP as first-line therapy.
